Stresses induced in the crust and mantle by continental-scale ice sheets during glaciation has triggered earthquakes along pre-existing faults, commencing near the end of the deglaciation. In order to get a better understanding of the relationship between glacial loading/unloading and fault movement due to the spatio-temporal evolution of stresses, a commonly used model for glacial isostatic adjustment (GIA) is extended by including a fault structure. Solving this problem is enabled by development of a workflow involving three cascaded finite-element simulations. Each step has identical lithospheric and mantle structure and properties, but evolving stress conditions along the fault.
Introduction
(1)
In equation (1), negative CFS values indicate stable conditions and a change to pos-itive values refers to a change from stability to instability along the fault, creating a state where earthquakes may occur. 121 The CFS depends on the maximum (σ 1 ) and minimum (σ 3 ) principal stresses, an 122 angle Θ, which is related to the angle of the fault α, coefficient of friction µ, cohe-123 sion C, and pore-fluid pressure P f (see below).
124
The angle Θ in equation (1) is related to α [Twiss & Moores, 2007] :
with S ij ({i, j} = {1, 3}) as the components of the stress tensor. The last term 126 in this equation depends on the stress regime and describes the change of σ 1 with 127 respect to the horizontal or vertical direction. In an undisturbed thrust/reverse or
with λ f as the ratio of fluid to rock density and is the same for all tectonic back-136 ground regimes. This equation involves the assumption that the pore pressure is a 137 linear function of the overburden pressure. The tectonic background stress includes both the maximum horizontal background 140 stress (S H ) and the minimum horizontal background stress (S h ). The latter can be 141 similar in magnitude to the former, but might differ by several MPa depending on 142 the tectonic environment. 143 In several studies, the maximum horizontal background stress is calculated assum-144 ing that the fault was at frictional equilibrium before the onset of glacial cycles. 145 Although, not all faults are optimally orientated [Abers, 2009] 
where CFS BG denotes the stability of the fault or rock mass before glaciation.
165
For an optimally orientated fault angle, equation (4) 
is solved with S as the stress tensor. However, this equation is not applicable to 188 geophysical problems involving elastic deformation of long wavelengths [Cathles, 189 1975 , Wu, 1992 , 2004 ]. If inertial force, self-gravitation, and internal buyoancies 190 are neglected, the momentum equation in geophysical applications for a flat Earth 191 is of the form [Wu, 2004] :
where ρ 0 and g 0 represent the density and gravity for the initial background state, 193 and u z is the vertical component of the displacement vector. The last term repre-194 sents the advection of pre-stress, which means that the initial stress state is carried 195 along with the particle as deformation proceeds [Wu, 2004] . The momentum equa-196 tion is valid for material compressibility as the buoyancy effect is neglected [Kle-197 mann et al., 2003 , Bängtsson & Lund, 2008 .
198
The difference between equation (5) and equation (6) has to be solved, when using 199 commercial FE packages for GIA analyses. It was shown by Wu [2004] , that the 200 creation of a new stress tensor S F E is necessary:
where I denotes the identity matrix. The product of vertical displacement and the 202 identity matrix in the second term of equation (7) changes to the gradient of the 203 vertical displacement by application of the divergence operator. Equation (6) can 204 be rewritten as
which is identical to equation (5).
206
Stress obtained from FE models (S F E ) can then be modified to a GIA stress using
Only the diagonal components of the stress tensor are modified, whereas the shear 208 stress components from the FE model are not changed.
209
The transformation of the stress and the basic equation of motion provide several 210 boundary conditions, which are summarized in Wu [2004] . However, the displace-211 ment is not affected by the transformation. The method has already been applied 212 in several studies, e. g. Wu [1992, 1996, 1997] all elements, where a stress tensor is defined:
S F E,mod
The first term on the right side of equations (10) to (15) is the stress due to an 226 ice load obtained from a GIA model in ABAQUS, without any modifications. The 227 second term on the right side of equations (10) to (12) is needed to convert the 228 output from ABAQUS to rebound stress (after equation (9)), and depends on den- Step setup of ABAQUS. For the application of this approach in 3D models, ., 2009] . A higher viscosity of 2 · 10 22 Pa·s is assumed the fault, excluding the fault tip, are critically stressed again ( Fig. 4 (f) ). Therefore, 467 no movement occurs at subsequent time points. However, faults at other locations 468 might be activated due to the GIA stress.
469
The time of fault slip is also visible in the distribution of fault stability (CFS) and 470 normal and shear stress evolution along the fault plane (Fig. 6) . At the surface and at 471 4 km depth, shear and normal stress decrease by several MPa after the fault slipped.
472
The change in normal and shear stress depends on the magnitude of these stresses is in agreement with the analytical solution obtained after Okada [1985] using an 486 elastic half-space, which varies between 12.3 m and -3.0 m (Fig. 7, dashed red line) .
487
The analytical solution is obtained using the programme by Beauducel [2012] 488 based on the values of the geometry of the rectangular fault (length, width, depth, 489 strike, dip), the sense of movement (rake value, which is 90 • for a thrust/reverse elled and analytical solution, which verifies our implementation of fault reactivation 492 and slip in the GIA model. during the glacial period. Table 1 Stress magnitudes for overburden pressure and horizontal background stress at several depths. Note that the horizontal background stress in the model is the summation of tectonic background stress and overburden pressure.
Depth Horizontal background stress Overburden pressure 
